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Epidermal cells were grown in a medium in which the 
Ca++ concentration controlled the stage of differentia-
tion. Cell surface molecules of differentiated and undif-
ferentiated cells were compared by lactoperoxidase-cat-
alyzed iodination, by the interaction with 1251-lectins, and 
by the metabolic incorporation of L-eH)-fucose. Molec-
ular weights of the labeled components were determined 
by SDS-PAGE and autoradiography. After lactoperoxi-
dase iodination, most of the radioactivity was found in 
polypeptide bands of 79,000, 65,000 and 56,000 daltons. 
The 79,000 band is the most intense for undifferentiated 
cells (and also for neoplastic cells) but disappears as 
differentiation proceeds. The 56,000 band is present in 
normal cells at all stages of differentiation but is absent 
from neoplastic cells. Glycoproteins reacted with 1251_ 
lectins were found at 180,000, 130,000 and 85,000 daltons. 
The 130,000 band was the most prominent for differen-
tiated cells labeled with wheat germ agglutinin but was 
essentially absent from the undifferentiated cells. With 
Ricinus communis agglutinin, this band was weaker for 
undifferentiated than for differentiated cells but was the 
most intense for both. After metabolic incorporation of 
tritiated fucose, radioactive glycoproteins were found at 
130,000 and 85,000 daltons, with comparable intensities 
for differentiated and undifferentiated cells. 
The cell surface plays a major role in many diverse cellular 
functions. Differences in membrane composition are often as-
sociated with stages in cellular differentiation [1] and transfor-
mation [2,3]. Epidermal cell surface glycoproteins have been 
studied on whole skin sections in which sugar residues were 
identified by a variety of techniques. The oldest of these has 
been th e PAS stain [4]. Much more specific and sensitive is the 
reaction of the cells with fluorescein-conjugated lectins. This · 
approach can distinguish binding of lectins with different sugar 
specificities to the various layers of the skin [5-7]. A related 
method utilizes metabolic labeling with tritiated sugars followed 
by autoradiography [8,9]. These techniques label the relevant 
sugar binding sites but do not reveal how many macromolecules 
are labeled nor which they are. They can, however, be extended 
to obtain the latter information by combining them with SDS-
polyacrylamide gel electrophoresis. PAS-positive bands have 
been identified on gels of isolated epidermal membranes [10] 
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Abbreviations: 
DPBS: Du lbecco's phosphate buffered saline 
FBS: fetal bovine serum 
LPO: lactoperoxidase 
PM SF: phenylrnethylsulfonylfluoride 
RCA: Ricinus'communis agglutinin 
SDS-PAGE: sodium dodecyl sulfa te polyacrylamide gel electro-
phoresis 
UEA: Ulex europaeus agglutinin 
a nd desmosomes [11,12]. Whole epidermis and isolated mem-
branes have also been run on SDS-PAGE from skin metabol-
ically labeled with 3H-sugars [9). 
Culture media have recently been developed which permit 
the regulation of differentiation of epidermal cells. Hennings et 
al [13] have demonstrated that epidermal cells maintained at 
low Ca++ levels (0.05-0.1 mM) proliferated in culture as a 
monolayer for many months. These undifferentiated cells had 
wide intercellular spaces and lacked desmosomes. Upon return 
to Ca++ levels present in normal media, those cells formed 
desmosomes within 2 hr and began to stratify and differentiate 
within 1-2 days. DNA synthesis decreased and was inhibited 
.with differentiation; however, RNA, protein and keratin syn-
thesis continued. The ability to control differentiation of epi-
dermal cells without fibroblast feeder layers makes the Ca ++ _ 
regulated system particularly valuable for studies of cell surface 
changes in epidermal differentiation. Cell separation techniques 
using fresh tissue, developed in this laboratory [14] and else-
where, also supply epidermal cells at various stages of differ-
entiation, but only after cell dispersion with trypsin [15]. Pro-
teolytic enzymes have been shown to destroy cell surface mac-
romolecules [3,15,16]. Therefore, the availability of an in vitro 
controlled differentiation system provides an ideal means to 
study different cell populations without enzyme damage. 
Our program concen~rates on the identification of specific 
cell surface molecules that distinguish isolated epidermal cell 
populations at different stages of differentiation and transfor-
mation. The Ca++-regulated culture system provides viable 
epidermal cells without surface damage at controlled stages of 
differentiation, We have used this system to compare cell 
sUlface macromolecules of undifferentiated and differentiated 
cells, as revealed by several labeling techniques. This was done 
with metabolic labeling with 3H-fucose. The procedure of Bur-
ridge [17] was also applied to cells separated on SDS-PAGE; it 
consists of reacting the gels with lectins that are labeled with 1251. 
The availability of viable epidermal cells enabled us to also 
examine cell surface changes with lactoperoxidase-catalyzed 
iodination, which labels with 1251 the exposed available tyrosine 
residues of cell surface proteins. We have previously reported 
results from iodination of normal (differentiated) and neoplastic 
epidermal cells [15]; this study has now been extended to 
undifferentiated cells as well. 
MATERIALS AND METHODS 
Tissue Culture 
Primary rodent cultures were prepared [Tom newborn Sprague-Daw-
ley rats. Epidermis was separated from dermis by the trypsin flotation 
procedure [18]. Separated epidermal sheets were finely minced, then 
dissociated by stirring 1 hr in Waymouth tissue culture medium con-
taining 10% fetal bovine serum (FBS). Dissociated ce lls were separa ted 
from stratum corneum by filtration through a 125 /Lm nylon mesh. The 
cells were inoculated into collagen-coated tissue culture vessels and 
grown for 1-2 days in a Waymouth medium as modified by Mal"chok 
[19] , supplemented with 10% FBS and with antibiotics. They were then 
switched to Eagle's Minimal Essential Medium (MEM), to which had 
been added the Ca++ chelator EGTA (2.25-2.3 mM), and were groWl1 
for 2 days to 75%-90% conf1uency. This is a variation of a low-Ca""" 
medium in which cells proliferated without differentiating [13]; we are 
indebted to Dr. Henry Hennings for advice on the formu lation of this 
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medium. Thereafter, some of the cells were grown for 1-2 days in 
normal MEM (without EGTA) in which they differentiated. Cells were 
maintained at 37° in a humidified 4% CO2 atmosphere. Tissue culture 
media, trypsin (1:250), penicillin (100 IU/ m\) , streptomycin (100 /Lg/ml) 
and salts were purchased from GIBCO (Grand Island, N.Y.). FBS was 
obtained from Flow Laboratories (Rockville, MD) and EGTA from 
Sigma Chemical Co. (St. Louis, Mo.). 
Lactoperoxidase Iodination 
The cells were washed 3 times with Dulbecco's phosphate buffered 
saline (DPBS), pH 7.2, then iodinated in a 1 ml mixture of DPBS 
containing 60 /Lg lactoperoxidase (LPO) (Worthington, Millipore Corp., 
Freehold, N.J .), 55 mU glucose oxidase (Worthington), 5 mM glucose 
and 150 /LCi carrier-free Na' 251 (New England Nuclear, Boston, Mass.) . 
The reaction vessels were gently swirled for 10 min at room tempera-
ture, after which the cells were washed 3 times with DPBS containing 
5 roM NaI, then twice with DPBS containing 2 mM phenylmethylsul-
fonylfluoride (PMSF). 
Labeling with Iodinated Lectins 
Wheat germ agglutinin (WGA), Ricinus communis agglutinin -120 
(RCA) and Ulex europaeus agglutinin (UEA) were purchased from 
Vector Laboratories (Burlingame, CA). These lectins were iodinated by 
the procedure of Burridge [17]. T hey were each solubilized in a 200 /LI 
reaction mixture of 0.15 M NaCI, 0.1% NaNJ , 50 mM Tris-HCI, pH 7.5 
(buffer A) at a concentration of 10-25 mg lectin/ ml together with 40 
mg/ml of their inhibitory sugar (N-acetyl-D-glucosamine for WGA, D-
galactose for RCA, and L-fucose for UEA). Sugars were pmchased 
from Sigma. To the reaction mixtme were added 1 mCi carrier-free 
Na' 2"I (New England Nuclear) and 10 ~d of chloramine-T at 5 mg/ ml 
(Sigma). After iodination for 2-3 min at room temperature, the reaction 
was terminated by the addition of 20 /LI of sodium metabisulfi te at 10 
mg/ml (Sigma). The iodinated lectins were then separated from the 
unreacted free iodine and from their inhibitory saccharide by passage 
through small columns of Bio-Gel 1'-10 (Bio-Rad Laboratories, Rich-
mond, CAl. The iodinated lectins were eluted with buffer A, then 
dialyzed for 24 hr against buffer A at 4 0 . Specific activities of the 
iodinated lecti ns ranged from 0.5-5 x 107 cpm/mg. 
After electrophoresis (see below), the slab gels were fixed for 2 hr in 
water:methanol:acetic acid (5:5:1). The gels were then neutralized to 
pH 7.5 by repeated washing in buffer A, then overlaid with '""I- Iectins 
(10"-107 cpm/ml) in buffer A containing 2 mg/ ml of human hemoglobin 
(Sigma) as a carrier. After reaction for 4 hr at room temperature in a 
moistme-filled box, the gels were washed for 3-4 days in many changes 
of buffer A, then stained in the fix solution containing 0.1% Coomassie 
Blue for 2 hI', destained in many changes of water:methanol:acetic acid 
(85:7.5:7.5), reneutra lized in buffer A, then dried in a Bio-Rad gel dryer 
on Whatman 3 MM paper, prior to autoradiography (see below). The 
specificity of lectin binding was tested with controls in which the 
inhibitory sugars (N-acetyl-D-glucosamine for WGA and D-galactose 
for RCA) at a 4% concentration were dissolved in buffer A and the 
modified buffer was used when washing and overlaying the gels with 
specific '""I-Iectins. 
Labeling with L -{"H) -Fucose 
The incorporation of L-('H)-fucose (5.4 Ci/mmole) obtained from 
New England Nuclear was achieved by growing the cells for an addi-
tional 24 hr in MEM to which had been added 10 /LCi/ml of L-('H)-
fucose (with EGTA for undifferentiated cells, without EGTA for differ-
entiated cells). The cells were then washed 3 times in DPBS containing 
2 mMPMSF. 
Gel Electrophoresis 
Prior to electrophoresis, the total trichloroacetic acid insoluble ra-
dioactivity of the labeled cells was measured. When differentiated cells 
were compal'ed to undifferentiated cells, the same amount of radioac-
tivity was loaded for each gel slot. Cell protein was measured by the 
Lowry procedure and equal amounts were loaded onto gel slots for later 
reaction with '2"I-Iectins. 
The cells were washed with DPBS containing 2 mM PMSF, then 
scraped into the same buffer at 4°, sonicated for 10 sec, then mixed 
with an equal volume of buffer B (0.125 M Tris Hel, pH 6.8; 20% 
glycerol; 4% SDS; 10% f3-mercaptoethano l; 2 mM PMSF; 0.004% brom-
phenol blue). Samples in buffer B were heated at 100° fo r 3 min. 
Proteins were separated by the method of Laemmli [20] on 1.5 mm 
vertical slabs of 7.5% polyacrylamide below a 3% stacking gel. E lectro-
phoresis was for 3 hr at 30 rnA pel' slab (at constant current). Gels of 
sugal"-labeled or LPO-labeled cells were stained for 16 ill' in 0.1 % 
Coomassie Blue in 50% methanol and 10% acetic acid, then destained 
in the same solvents without the dye and dJ'ied on Whatman 3 MM 
paper in a Bio-Rad gel drier. The tritiated gels were fixed in a solution 
of 10% trichloroacetic acid-l0% acetic acid-10% methanol for 1 hr, 
impregnated with EN"HANCE (New England Nuclear) for 1 hr, then 
washed with cold water for 1 hr before dJ·ying. Staining and destaining 
procedures for lectin-labeled gels ru'e described above. 
Sheets of Kodak SB-5 mm were exposed to the gels at -70°. The 
autora,diograms or fluorograms were scanned with a Quick Scan den-
sitometer (Helena Laboratories, Beaumont, TX). Molecular weight 
calibration was achieved with the following standru'ds: myosin (200,000 
daltons), f3-galactosidase (125,000) , phosphorylase B (92,500), bovine 
serum albumin (68,000) , ovalbumin (46,000) , and carbonic anhydrase 
(30,000). 
RESULTS AND DISCUSSION 
Epidermal cells were maintained in culture at different stages 
of differentiation by an adaptation of the Ca ++ regulation tech-
nique of Hennings et al [13]. In a low-Ca++ medium, cells 
proliferate without differentiating. Under phase contrast mi-
croscopy we observe them to be polygonally-shaped with dis-
t inct intercellular spaces (Fig la). After t hey are transferred to 
normal medium, they proceed to differentiate and look just like 
cells that have been in normal medium (Fig Ib). Our observa-
tions are very similar to the illustrations displayed by Hennings 
et al [13]. Since the experiments reported in this paper using 
cells grown in EGTA-containing media, we have also used the 
Chelex-treatment system of Hennings et al [13], with compa-
rable results. The indistinguishability of differentiated cells 
(grown in different media) is illustrated by the similarity of 
their labeling by LPO iodination. Fig 3a represents data for 
cells grown only in normal medium, taken from our previous 
paper [15]. Fig 3b is for cells grown in low Ca++ medium for 2 
days, t hen in normal medium for 2 days. 
The 3 labeling techniques reported in this paper identify 
specific macromolecules. Separated populations of epidermal 
cells at controlled stages of differentiation are needed to study 
how these molecules are altered by the process of differentia-
tion. Viable cells are required for LPO iodination and for 
metabolic labeling with sugars. These specifications are met by 
the Ca++ regulated tissue cultw-e system. The cultw-e of epi-
dermal cells on irradiated fibroblasts [21] does not provide 
control over the state of differentiation and has the drawback 
that the fibroblasts become labeled along with the epidermal 
cells. Dispersion of cells from fresh tissue requires exposure to 
proteolytic enzymes; these produce cell surface damage which 
is evident in iodination autoradiograms [15]. 
A photograph of a Coomassie stained slab gel is presented as 
Fig 2. Track a is for differentiated cells, tracl? b for undiffer-
entiated cells; track c displays the standards. There are a large 
number of stained proteins throughout the entire molecular 
weight range. The patterns for the differentiated and undiffer-
entiated cells are quite similar, except for some variations in 
intensity. The radioactive labeling procedures affected compar-
atively few bands, as is evident fi'om the data presented in the 
subsequent figmes. Convel'sely, the most inten ely stained ra-
dioactive molecules did not correspond to the most prominent 
stained bands. 
Fig 3 depicts densitometer. scans of autoradiograms obtained 
fi'om LPO iodination experiments. The scans in this figure are 
not extended beyond 100,000 daltons because there are no 
labeled polypeptides at the higher molecular weights [15]. (Note 
t hat the sequence of the cmves in Fig 3 does not follow the 
order of the discussion. The curves were arranged to facilitate 
pertinent visual comparisons). Curve d is for newborn rat 
epidermal cells grown in a low-Ca++ medium for 2 days. Under 
these conditions the cells proliferate without differentiating. 
When these undifferentiated cells are thereafter returned to a 
growth medium with normal Ca++, they proceed to differen-
tiate. Curve c is for such cells after 1 day in normal medium, 
Curve b for cells after 2 days in normal medium. Most of the 
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FIG 1. Phase-c.ontrast ph.ot.ographs.of cells grown in l.ow-Ca++ medium f.or 2 days (Fig 10) then returned t.o n.ormal medium f.or 2 days (Fig Ib) , 
reduced fr.om x 100. 
FIG 2. Ph.ot.ograph .of a C.o.omassie Blue-stained SOS-PAGE gel. 
Trach a is f.or differentiated cells, trach b f.or undifferentiated cells; 
trach c displays t he standards. 
radioactivity is localized in 3 polypeptides with apparent mo-
lecular weights of about 79,000, 65,000 and 56,000 daltons. The 
79,000 dalton band is the most intensely radioactive for the 
undifferentiated cells, but it attenuates and ultimately disap-
pears as differentiation proceeds. On the other hand, the 65,000 
dalton band is weaker for undifferentiated cells and intensifies 
with differentiation. The 5'6,000 dalton polypeptide does not 
appear to be affected by the stage of differentiation. The other 
2 curves, shown for comparison, are taken from results of our 
previous paper [15]. Curve a is for rat epidermal cells grown 
only in normal Ca ++ medium. Curve e is for human basal cell 
carcinoma, also grown only in normal Ca++ medium. 
The 79,000 polypeptide appears to have potential as a cell 
surface related differentiation marker. An iodination protein of 
similar molecular weight has been reported for "less differen-
tiated" epithelial liver cells in culture [22]. Results from Oill' 
previous paper [15] for human basal cell carcinoma are repro-
duced in Fig 3e. The 79,000 dalton band is prominently present, 
in accordance with the characterization of this tumor as resem-
bling undifferentiated cells. We also saw this band for carcino-
gen-transformed cells [15], and similar results have been re-
ported for HeLa cells [23]. On the other hand, the 56,000 
molecular weight protein, which is present in normal cells at all 
stages of differentiation, is notably absent from the basal cell 
carcinoma, as well as from the carcinogen-transformed cells 
[15]. 
Densitometer scans of autoradiograms from experiments in 
which SDS-PAGE gels were reacted with iodinated lectins are 
shown in Fig 4, Curves a and b for WGA and Curves c and d 
for RCA. Curves band d are for undifferentiated cells (grown 
2 days in low-Ca++ medium) and Curves a and c are for 
differentiated cells (returned to normal Ca++ levels for 2 days) . 
The most intense radioactivity is found in 3 bands at about 
85,000, 130,000 and 180,000 daltons. The 130,000 dalton glyco-
protein is the most prominent for differentiated cells labeled 
with 125I_WGA but is essentially absent from the undifferen-
tiated cells. With 125I_RCA, the bands are at the same locations, 
with the 130,000 band the most intense in both differentiated 
and undifferentiated cells. Inclusion of the inhibitory saccha-
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FIG 3. Relative iodine radioactivity proflles (densitometer scans of 
au t oradiograms of SDS gels): (a) normal rat ceUs after one week in 
standard medium; (b) normal rat cells after 2 days in low-Ca++ medium 
fo llowed by 2 days in standard medium; (c) same as (b) except one day 
in standard medium; (d) same as (b) except exposed only to low-Ca++ 
medium; (e) human basal cell carcinomas in standard medium. 
rides (N-acetylglucosamine for WGA, D-galactose for RCA) 
together with the iodinated lectins completely obliterated the 
uptake of radioactivity by the gels. No radioactive labeling was 
detected in experiments with 12°I_UEA. 
The results for cells grown in t he presence of L-('H)-fucose 
are displayed as scans of fluorograms in Fig 5; Curve a is for 
the differentiated cells and curve b for undifferen t iated cells. 
The major la beled components were at approximately 130,000 
and 85,000 daltons. The undifferentiated cells also had minor 
labeled bands in the range of 50,000 to 40,000 daltons, while the 
differentiated cells had stronger and more widespread activity 
from 60,000 down to 20,000 molecular weight . 
The labeling of a cell surface glycoprotein can be achieved 
equivalently by either the metabolic incorporation of a partic-
ular saccharide or reaction with the lectin specific for that 
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FIG 4. Densitometer scans of auto radiograms from cells run on 
SDS-PAGE, then reacted with 125I-lectins. Curve a and b for WGA and 
curve c and d for RCA. Curves band d for undifferentiated ceLis (grown 
2 days in low-Ca++ medium) and curves a and c for differentiated ceUs 
(returned to normal medium for 2 days). Results shown w'e for different 
tracks of the same gel. 
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FIG 5. Densitometer scans of fluorograms for cells metabolically 
labeled with tritiated fucose. Curve a is for differentiated ceLis, curve b 
for undifferentiated cells. 
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sugar. For a comparison, we attempted such a dual approach 
with L-eH)-fucose and the Ulex lectin. Regrettably, no reaction 
could be observed with UEA. Schuler et al [24] have recently 
reported experiments in which they reacted 11 different lectins 
(including the 3 we used) with different dispersed epidermal 
cells. They note that UEA alone did not bind to any epidermal 
cells. Membrane-desmosome epidermal complexes were chem-
ically analyzed by Drochmans et al [12] and found to be rich in 
sialic acids, mannose, glucosamine and galactose but to contain 
only trace amounts of fucose (at least an order of magnitude 
less). The failure to obtain a reaction with '2'I_UEA may be 
accounted for by the low levels of fucose in epidermal cell 
glycoproteins or by the inaccessibility of the sugar to lectin 
exposure. It is also possible that UEA decomposed during 
iodination. Similar experiments are now in progress with Lotus 
tetragonolobus lectin which is also specific for L-fucose. 
All previous molecular weight determinations for epidermal 
glycoproteins have dealt with differentiated cells. With tritiated 
fucose or glucosamine, King, Tabiowo, and Williams [9] found 
membrane glycoproteins in a broad heterogeneous band ex-
tending from 70,000 to 150,000 daltons. In isolated plasma 
membranes, Gray, King, and Yardley [10] fo und a broad PAS-
positive band at 90,000-120,000 daltons. For membrane-des-
mosome complexes, a PAS-positive band at 130,000 was ob-
served by Drochmans et al [12], whereas 2 bands at 120,000 
and 140,000 were reported by Skerrow and Matoltsy [11]. Thus 
our results agree with the earlier papers in recognizing the most 
prominent glycoprotein for differentiated cells to be near 
130,000 (with the possibility that more than one glycoprotein 
may be involved). The fact that we find glycoproteins with the 
same apparent molecular weight with different sugar labels 
suggests that the same proteins may be involved. There is no 
reason to expect, however, that the corresponding glycoproteins 
should contain different sugars in the same proportions; it is 
not sUTprising that the relative intensities of the 3 bands differ 
with the label used (most markedly in lacking the 180,000 band 
with fucose). The changes in the radioactive patterns with 
differentiation diverge for the 3 sugars. The 130,000 band, which 
is dominant for differentiated cells, behaves differently in all 3 
cases for undifferentiated cells: it is just about indiscernible 
with WGA, weaker but still prominent with RCA, unchanged 
with L-(lH)-fucose. This divergence could be accounted for by 
a doublet of glycoproteins of different sugar composition, or by 
one glycoprotein which already contains L-fucose and D-galac-
tose; in the undifferentiated cells but which only becomes gly-
cosylated with N-acetyl-D-glucosamine in the course of differ-
entiation. Clarification of the interpretation will depend on 
biochemical isolation of the glycoproteins; we are pursuing this 
with lectin affmity chromatography. 
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